Aim: Poverty and social exclusion is measured through different criteria and one of them is the health sector. The relationship between Roma population and the health sector is on the edge of researchers' interest in the Slovak Republic. The purpose of this paper is a quantification of the regional disparities in the development of mortality which is causally linked with selected infrastructural determinants -namely access to water and sewerage. These determinants differently participate in the structure of mortality in marginalised and segregated communities and they deepen regional disparities in health.
INTRODUCTION
The Slovak Republic is one of the countries significantly suffering from the problem of health inequalities, in particular concerning the minority groups of the population living in areas of concentrated poverty. The main process of measuring the health of the Roma communities has become a major question, as in the Slovak Republic, according to the results of available studies is an alarming trend of deteriorating state of health of the Roma population (1) (2) (3) (4) . According to the Atlas of Roma Communities in Slovakia 2013 (5) , there is a population of 402,840 Roma people, making it a 7.45% share of the Slovak population -about 80,000 more than in 2004. About 46.5% of the Slovak Roma population live in the diffusion of majority population and 17% in the segregated areas, particularly in the separate settlements). From 2, 890 Slovak villages the Roma community lives in 1,070 of them. There are identified 804 Roma concentrations in 584 villages, where Roma do not live in complete suspension of the majority, of which 246 concentrations are inside the village and 327 concentrations are out of the villages. The 231 segregated Roma concentrations were registered in 195 villages. In terms of the absolute numbers, most of the Roma population live in the district Košice-okolie -22,922 making it a share of 6.5% of the total number of the Roma population in the Slovak Republic. It is followed by the districts of Rimavská Sobota -21,131, Spišská Nová Ves -19,036, Michalovce -17,726, Trebišov -17,234, Kežmarok -17,132, Prešov -16,376, Vranov nad Topľou -14,588, Rožňava -12,978, Lučenec -11,490, and Sabinov -10,696. In the 11 districts more than a half -a 51.36% share -of the whole Roma population in the Slovak Republic live (3) .
The World Health Organization uses the Dahlgren-Whitehead model to explicitly demonstrate the relationship between different determinants and health, which reflects highly on the causes of health inequalities. The top level is the general, socio-economic, cultural, and environmental conditions. Levels of health in this model do not vary randomly but they are the result of systematic differences in the distribution of factors that affects them (6) . In the analysis of the health of the Roma communities, the selection of structural factors is significant, but also highly aggregate. It consists of living and working conditions, health-related behaviour, psychosocial factors and previous social status. Living and working conditions affect the health of residents of the settlement through direct and indirect physical and psychological mechanisms and people feel the impact of these factors for a long time. Poor conditions in childhood definitely affect health in later life. Outcome of the unfavourable factors is determined by the place where people live and also by their position in the labour market (4) . Some groups of people in villages do not yet have access to drinking water, to sewerage, to affordable electricity, central heating, thermal insulation, and so on. Life in moist and densely crowded conditions, physically demanding work and other unfavourable conditions affect very negatively health of such area residents. Health behaviour which consists, for instance, of ensuring good diet, a level of physical activity, alcohol consumption, tobacco, sexual behaviour, and impacts of the socio-economic and cultural factors. This justifies the sometimes striking differences in health among social groups in the region, among the regions within countries and among the countries. This consequent fact is confirmed by the results of the research studies that declare causality between individual behaviour of people and their share in health from 25% to 35% (7, 8) . The large variations exist among the European countries particularly (6) .
The Slovak Republic still absent any studies or analyses addressing the complex issue of health risks in the settlements, ways of their long-term monitoring and quantification of their impact on health as well as economic and social system. The available partial outcomes of the research studies of some scientific research institutions provide information only on strictly selected and analysed problem related to the research assignment (1, 3, (9) (10) . Their heterogeneity, focus, diversity of research objectives, scope of action research and the type of research hypotheses are evidence of the absence of continuity in the research projects and the research teams in the context of their non-systemic solution to the complex issue of health and human health risks in settlements in the Slovak Republic. These facts gave rise to a detailed examination of the significance of individual determinants of health in the community and the possibility of regulation and implementation by targeted policies. The partial outputs of the analyses are subject of the following sections.
There is to note that the figures assigned to population living in segregated concentrations are not explored in field of nationality. It is caused by the fact the whole population in such a community is considered to have the Roma nationality. However, this cannot be based on any scientific evidence. It is absolutely true that person of no other nationality lives in these segregated concentrations. Therefore, the whole population of all these segregated concentrations is for purpose of this analysis considered to be and in fact simply is of the Roma nationality.
MATERIALS AND METHODS
The whole analysis is connected to a spatial understanding of the dataset -the districts are applied as the administrative units to determine a spatial aspect. The multiple linear regression is employed to construct the regression model. It means one explained dimension is modelled by more than one explaining dimension.
Regarding the administrative division of the Slovak districts, the Bratislava I district, the Bratislava II district, the Bratislava III district, the Bratislava IV district, and the Bratislava V district are considered to be the sole Bratislava district. Identically, the Košice I district, the Košice II district, the Košice III district, and the Košice IV district build the sole Košice district. This simplification is caused by the construction of the source dataset. Moreover, there are no available values for the Bytča district, the Námestovo district, and the Tvrdošín district, because there was no surveying during obtaining the values for the Atlas of Roma communities in Slovakia 2013 (5) .
Mortality -M -in form of a number of deceased inhabitants performs as the explained variable.
The explaining variables are: -Roma population -RP; -segregated concentration female population -FP; -segregated concentration male population -MP; -segregated concentration public water supplied dwellings -PWSD; -segregated concentration public water usage dwellings -PWUD; -segregated concentration public water supply extension -PWSE; -segregated concentration public sewerage supplied dwellings -PSSD; -segregated concentration public sewerage supply extension plan -PSSEP. Roma population is a number of inhabitants of the Roma nationality. It is the only dimension not related to segregated concentration and not representing an attribute of the particular population concentration itself. All the other variables are assigned to the observed segregated concentrations. Segregated concentration male population is a number of male inhabitants living in the segregated concentrations, female alternation is a number of female inhabitants. The remaining five dimensions represent a quantified share of the segregated concentration population according to the findings of the Atlas of Roma communities in Slovakia 2013 (5) . For each concentration the individual figure for all the variables is quantified correspondingly with a share of dwellings that are considered to fulfil requirement for the explored point. This technique is chosen because of characteristics of this data, its obtaining and very clear interpretation.
Quantification of these parameters looks like:
where the individual variables mean: SCV -the parameter assigned to the segregated concentration; DFR -a number of dwellings in the segregated concentration fulfilling requirement of the parameter;
DNFR -a number of dwellings in the segregated concentration not fulfilling requirement of the parameter;
SCP -a number of inhabitants of the segregated concentration. According to this approach, the segregated concentration public water supplied dwellings variable performs as a number of inhabitants living in dwellings which can be supplied by public water. The segregated concentration public water usage dwellings variable represents a number of inhabitants living in dwellings which not only access to public water is possible
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for, but also use this access on common base. The segregated concentration public water supply extension variable embodies a number of segregated concentrations where an extension of the currently operating public water supply is being built in the present time -in the time of collecting information for the source dataset. The subsequent variable segregated concentration public sewerage supplied dwellings performs as a quantified number of inhabitants living in the dwelling with possibility of connection to public sewer. The last variable segregated concentration public sewerage supply extension plan symbolise a number of segregated concentrations where public sewerage is already available, but it is planned to be extended in the future.
All the computation methods and all the outcomes are conducted in the R software statistical environment.
RESULTS AND DISCUSSION
The impact of mentioned variables on the Roma mortality is explored with the aim to find out the correlations and significance of the factors considering infrastructure of the Roma settlements.
The All the variables fulfil requirement to be statistically significant except for the segregated concentration public sewerage supplied dwellings variable. Its p-value only slightly oversteps a ten-percent significance level and peaks at 0.135. The highest statistical significance of the fourth level is reached by the constant value with p-value at < 0.001 which can be considered equal to 0. The segregated concentration public sewerage supply extension plan .55 for estimated beta coefficients. The second highest impact and also the highest negative impact are assigned to the segregated concentration public water supply extension variable at level of −3,765.27. The lowest impact belongs to the Roma population variable whose estimated beta coefficient stands at 0.65. The units of the independent variables are as stated in the previous section and this should be regarded in a comparison of the regressors' influence. The statistical significance of the regressors is determined by their p-values. These figures come from the computation where the t-statistics value serve as the input. There is quite markedly visible characteristic of the individual dimensions applied as the regression variables. A positive impact on the explained dimension is caused by the constant value, the Roma population variable, the segregated concentration male population variable, the segregated concentration public water supplied dwellings variable, and the segregated concentration public sewerage supply extension plan. On the other hand, a negative impact on a number of deceased inhabitants the other four variables have -the segregated concentration female population variable, the segregated concentration public water usage dwellings variable, the segregated concentration public water supply extension variable, and the segregated concentration public sewerage supplied dwellings variable. The ones pointing on the quantified number of inhabitants according to the input parameters retain lower estimated beta coefficients than the ones counting numbers of the segregated concentrations, what is understandable fact based on their source values.
To get a precise picture about a statistical informative value of the model, the tests for heteroscedasticity of the source data and multicollinearity of the explored dimensions are applied. Also, residuals are tested whether their values fulfil requirement of coming from the normal probability distribution. The significance level to determine whether p-value rejects or does not reject the zero hypothesis is set to five per cent, that is 0.05.
Firstly, the Jarque-Bera test is conducted. The districts in their pairs are mentioned in alphabetical order. 
Similarity of the Districts
Similarity between the districts is measured by the Euclidean metric system. The two-dimensional version is applied to quantify likeness between each pair of the districts. Generally, the shorter distance is, the more similar districts are.
There are clearly visible the districts showing considerably high dissimilarities in relation to the rest of the Slovak Republic. The darker stripe is, the more dissimilar it is against the other districts and vice versa.
The ten most distant pairs of the districts are displayed in the subsequent Table 2 .
As it is seen on the heat map in the Figure 1 , the most distant pair of the districts is created by the Košice-okolie district and the Považská Bystrica district whose mutual distance is 10.77. All the ten longest distant pairs of the districts involve the Košice-okolie district. It presumes this district is the most distant from all of the rest of the Slovak Republic what is explored by the Table 3 .
The mutual distance of the district and the whole rest of the Slovak Republic is computed as arithmetic mean of all the distances between this district and each the remaining districts individually. An understandable fact is revealed by this angle of view. Although the Košice-okolie district is the farthest district, none of the remaining farthest districts create with it the mutually dissimilar pair of districts. It lies in a matter of fact that all these ten districts are physically near to the Košice-okolie district and this makes impossible to move off for them according to the explored parameters.
On the other hand, the ten nearest pairs of the districts are displayed in the successive Table 4 .
The most similar regions are not so recognisable on the heat map in the Figure 1 than the most dissimilar are. It is caused by the fact the differences between these pairs of the regions are much smaller than it is in the previous case of the most dissimilar ones. The absolutely most similar pair of districts is formed by the Považská Bystrica district and the Turčianske Teplice district whose mutual distance reaches value of 0.0022. The first four pairs create an own cluster evidently. The Považská Bystrica district, the Púchov district, the Trenčín district, and the Turčianske Teplice district arrange a group of the districts with very similar values of the explored parameters -the most similar ones across the whole Slovak Republic. Therefore, the outcome of the ten nearest districts to the rest of the Slovak Republic as seen in Table 5 involves the other districts than the previous table.
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As it is stated above, the mutual differences between the calculated distances are very small and move on the order of tenths to hundredths. The most similar district to the rest of the Slovak Republic is the Trnava district that is only 1.90 distant from the whole Slovak Republic excluding itself.
To provide complete information about similarity of all the districts of the Slovak Republic, arithmetic mean of all the values assigned to the individual regions is computed. It reaches value of 2.87. The most similar district to this arithmetic mean is the Dunajská Streda district that is only 0.19 far away. If we have a look at the median district, we find out the Veľký Krtíš district is numerically the centremost with its distance of 2.03 to the rest of the Slovak Republic.
Rank
District Distance 
Map Visualisation of the Regression Model Variables
The next part of the analysis demonstrates geographical visualisation of the explored dimensions according to an administrative level of the districts of the Slovak Republic. There are only displayed values of the variables only for 76 districts of the Slovak Republic, because the surveying for the Atlas of Roma communities in Slovakia 2013 did not take place in the Bytča district, the Námestovo district, and the Tvrdošín district. These three districts are considered to possess zero values for all the variables.
The districts in their pairs are mentioned in alphabetical order. The highest number of quantified inhabitants of the public water supplied dwellings is localised in the Kežmarok district, where it reaches value of 8,054.2. Successively, the Košice district follows with 6,732 quantified inhabitants and the Spišská Nová Ves district with quantified 4,696.75 inhabitants as seen on Figure 2 .
In a case of the dwellings really using public water connection, decisive position is taken by the same districts as in the previous case. There are 3,942.79 quantified inhabitants using public water the Kežmarok district, 3,366 inhabitants in the Košice district, and 2,544.35 inhabitants in the Spišská Nová Ves district as seen on Figure 3 .
In general, there are only 21 municipalities in the Slovak Republic where public water supply is being extended right now. Four of them are located in the Košice-okolie district, two of them in the Rožňava district and in the Vranov nad Topľou district. The other thirteen coloured districts involve only one municipality where an activity with public water supply is occurring -they are the Dunajská Streda district, the Gelnica district, the Humenné district, the Levoča district, the Lučenec district, the Michalovce district, the Poprad district, the Prešov district, the Revúca district, the Snina district, the Sobrance district, the Trebišov district, and the Žiar nad Hronom district as seen on Figure 4 .
In a case of the public sewerage supplied dwellings, the first three districts with the highest numbers of quantified inhabitants are the same, although ordered in another way. The Košice district takes the first position with population of 6,732, the Kežmarok district follows with population of 4,699.8 and the Spišská Nová Ves district with population of 3,687.75. There is clearly visible the same number in the Košice district as it is stated in a field of quantified inhabitants that are supplied with public water as seen on Figure 5 .
In future, there are plans to extend public sewerage supply in 165 municipalities across the Slovak Republic. The most of them are situated in the Košice-okolie district and in the Michalovce district where 17 municipalities have such plans. On the third place the Prešov district stays with 10 municipalities with very small offset against the following districts as seen on Figure 6 .
CONCLUSIONS
In the recent decades, the European Union constantly appeals to the urgency of addressing the issues aimed at alleviating health inequalities. The issue is too complicated and the current situation in it tells about a number of the system failures. And the numerous European Union programmes appeal to the necessity of solving the problems to mitigate the disparities in health. The locations of the segregated and marginalised settlements bear part of serious health epidemics and thus, they become complementary threat to the majority of a society. The existing governmental projects -completed and realistic -draw the attention for several years primarily on the component of education of the Roma population like a significant element in the process of eliminating the existing social problems of the Roma settlements with the contingency of the social sector and the health care sector remained completely neglected. Although there are the evident relations between the education and training with prospective employment, the related income and the subsequent impacts on health, the Roma settlements are currently exposed to high health risks quantifiable social causes and this causality need to be recorded and analysed. A separate analysis of the factors determining the health does not only provide relevant information on all the causal sessions, but primarily it causes a high risk of false and misleading interpretations. The focus of the analysis is laid on the examination of the impact of the selected infrastructure factors on mortality of the population of the marginalised and segregated communities with the ambition of creating a comprehensive platform for setting targeted policies to improve health.
To conclude, it is possible to state that the outcome of this analysis confirms association between an infrastructure level of the areas with a high share of population of the Roma nationality and overall mortality in the Slovak Republic.
The conducted regression analysis with mortality of the Slovak Republic population in a role of the explained dimension determines the eight subsequent factors with significant influence on the observed variable. They can be divided into two groups -demographic aspects are represented by the Roma population variable, the male population variable and the female population variable, whilst an infrastructure level is characterised by the public water supplied dwellings variable, the public water usage dwellings variable, the public water supply extension variable, and the public sewerage supply extension plan variable.
The most appropriate district to represent the Slovak Republic average is the Dunajská Streda district in a field of arithmetic mean and the Veľký Krtíš district in a field of median value. The most dissimilar pair of the districts consists of the Košice-okolie district and the Považská Bystrica district. On the other hand, the most similar districts are the Považská Bystrica district and the Turčianske Teplice district. It is remarkable that the Považská Bystrica district is involved in the both cases. The outermost district is represented by the Košice-okolie district. It is confirmed by its participation in the ten most distant pairs of the districts. The opposite side is held by the Trnava district which is the most near to the rest of the Slovak Republic followed very tightly by the further districts.
The crucial position among the districts with a highest quantified number of inhabitants with supplied public water and public sewerage is kept by the Kežmarok district, the Košice district, and the Spišská Nová Ves district. The other districts possess mild figures in comparison with the Slovak Republic average or are significantly below average.
The partial results of the analysis of mortality in the analysed regions characterised by high concentration of Roma populations provide a valuable platform for the examination and comparison of the mortality rates in the Roma community compared to mortality in the majority society, and provide the opportunities for the active proposals of the tools and the policies to address the issue. Without a proper understanding of the complexity of these socio-economic phenomena and their interactions in the healthcare system and the social system of the Slovak Republic, these serious and the still graduated problems of our society cannot be systematically and efficiently addressed.
